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Foreword 


The concept of a deep space tracking station in Earth orbit has been of interest for 
many years. With the advent of the Space Transportation System (STS) and its capability 
to economically boiisl large payloads into orbit, it becomes practical to seriously cr.tsidei 
such an orbiting station. The technical feasibility of an orbiting Deep Space Relay Station 
(ODSRS) was demonstrated in a 1977 study sponsored by NASA OSTDS. The present 
study ( I97K) had broadei objectives, including an evaluation of the deep space communi- 
cations requirements in the post-l98S tune frame, a conceptual design of an ODSRS 
system, and an implementation plan with schedule and cost estimates «.id new technol- 
ogy equirements. This study was jointly sponsored by NASA OSS, OAST, and OSTDS. 
Volume I of tliis report presents the deep space tracking and communications require- 
ments for 198S-2(XX). Volume II describes the ODSRS conceptual design and provides 
the baseline for implementation cost and schedule estimates. Volume 111 is an implemen- 
tation plan fur an ODSRS, including a cumpaiison of the ODSRS life cycle costs to other 
configuration options for meeting communications requirements in I98S-2000. 
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Abstract 


This lhre« volume report describes the deep space communications requirements of 
the post-l*)i<S time frame and presents the Oibiting Deep Space Rela> Station (ODSRSI 
as an option for meeting these requirements li is concluded that, under current condi- 
tions, the ODSRS is not yet cost competitive with t'arth baKd stations to increase DSN 
telemetry performance. It is also concluded that the ODSRS has ugnificani advantages 
over a ground station, and these are sufficicnl to mauitain it as a future option. P ese 
advantages include the ability to track a spacecraft 24 hours pet day with ground stations 
located mly in the USA. the ability to operate at higher frequencies that would be 
alien* aied by Earth's atmosphere, and the potential for building very large structures 
without the constraints of Earth's gravity. Future technology development to reduce the 
cost of the ODSRS and orbital operations and a need for its unique capabilities are 
expected to make the ODSRS attractive for implementation as an element of the long- 
term future DSN. 



i. ODSRS Implementation 


This volume defines the programmatic activity that would 
be required from the time the decision was made to implement 
an Orbiting Deep Space Relay Station (ODSRS) until it be- 
came an operational part of the Deep Space Network (DSN). 
Included is a discussion of the conditions that would exist 
before the ODSRS became an attractive candidate to meet 
future tracking and communications requirements; a cost and 
schedule plan; a description of the required interfaces between 
the ODSRS, the DSN, and the Mission Operations System 
(MOS), and an assessment of the new technology develop- 
ments required to enable this ODSRS design. 

A. Conditions for Considering an ODSRS 

The ODSRS, as a means of achieving tracking and commu- 
nications functions that can be performed by existing ground 
stations, is not currently a cost competitive option. 

There is, however, the possibility of changes in existing 
conditions that would make the ODSRS an attractive option 
or even the only means of meeting a future space mission 
requirement. Some of the potential future developments that 
would argue for a reevaluation of the ODSRS are the fol- 
lowing: 

1. Loss of ground stations in Australia, Spain, or both. The 
United States deep space exploration program requires occa- 
sional 24 hour per day tracking of most of its missions for 


periods ranging from a day or so to many months. This is 
usually during planned high activity periods, such as orbit in- 
sertion and operations or during spacecraft emergencies. If one 
of the overseas sites were lost, the capability for 24 hour a day 
tracking would cease to exist. One possibility is to design 
missions such that 24 hour a day tracking would never be 
required. Tliis would imply a highly autonomous spacecraft, 
with higlt activity operations requiring real time telemetry to 
be precisely planned and timed to occur over Goldstone. This 
seems like a severe constraint, especially to telemetry, since 
the timing of valuable science data tiear a target planet can 
likely not be predicted with certainty. On-board recording 
could handle part of this problem, but the uncertainty in 
timing of critical data would mean that a large quantity of 
non-criticai data would also have to be recorded. This could 
drive data storage capacity beyond’ reasonable limits. Some 
missions may require real time or stored telemetry data tians- 
mission periods that exceed the length of a Goldstone pass. 
The ODSRS could solve this problem, since it would provide 
24 hour a day tracking of the target spacecraft for critical 
operations. 

The ODSRS would not provide 24 hour command capa- 
bility for emergencies if one of the overseas sites was lost, 
since there is no ODSRS-to-S/C transmitter. It would allow 24 
hour telemetry coverage for failure analyses, but would require 
commanding to occur over an existing ground station. 
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Anodier problem that would exist If one or more of the 
overseas sites were lost is tiie inability to acquire 2> or 3*way 
navigation data from a spacecraft whose round trip ligiit time 
was more than the length of a Goldstone Station pass. Witfi 
the ODSRS, the ground station at Goldstone could transmit to 
the S/C, and the ODSRS could relay the returned signal from 
the S/C to tile Goldstone ground station after the ground 
station had lost direct visibility of tiie S/C. 

2. Loss of S- or X*band deep space communications fre- 
quencies. The S- and X-Band portion of the spectrum is 
becoming more crowded, and there is increasing competition 
fur frequency allocations. It is possible that future events 
could cause the loss of S- or X-Band for deep space communi- 
cations use. This could oc^ ur due to new international agree- 
ments, or due to violatir,i of existing agreements by non- 
complying nations. A contingency plan should exist for this 
possibility. The ODSRS provides tiie capability for the use of 
higlier frequencies that would be subject to degradation by 
weather and tiie Earth’s atmosphere and would tlius be un- 
acceptable for ground station use. 


3. Precision navigation of a S/C probing into or passing 
behind the sun. As detailed analyses of solar probes and other 
solar missions proceed, it is possible that the effects of solar 
plasma on S- and X-Band radiometric data cannot be ade- 
quately removed to provide the required navigation precision. 
The use of higher frequencies that are less susceptible to solar 
perturbations is a potential solution. Again the higher fre- 
quency capability of the ODSRS would enable this solution. 


4. Significant increases in yearly operations costs of ground 
stations. The major factor driving the life cycle cost of the 
ODSRS is its high implementation cost. Its yearly operations 
cost is expected to be significantly less liian for an existing 
ground station. If ground station operations costs increase 
dramatically, the ODSRS may become a viable option. Note 
that at least one ground station would have to be maintained, 
probably at Goldstone, to have command and two-way naviga- 
tion capability. 

5. Significant decrease in ODSRS implementation cost. 
New technology developments may signiilcantly reduce the 
cost of building and launching an ODSRS. 


6. Dramuiic Increase in the value of ODSRS peculiar radio- 
metric data. Future developments may place a premium on a 
type of radiometric data that is enabled or enhanced by an 
ODSRS, and cannot be obtained by using a ground based sta- 


tion. Some examples of radiometric data that may be en- 
hanced by an ODSRS are; 

a. IXVLBl. For mapping natural radio sources, the ODSRS 
provides a longer baseline, and licnee a potential for more 
accuracy. 

b. Two-Station differenced doppler data. For some mis- 
sions, such as VOIR, there is a tracking degeneracy that is 
resolved by using two widely separated Eart!: station t and 
using [lie ‘‘differenced" data between them. Tiie wider the 
station separation or baseline, the more accurate tliis tecli- 
nique is. An ODSRS at 6,6 Earth radii would provide a signif- 
icantly longer baseline than any two ground stations. Note 
tliat tiie ODSRS location would need to be known to 1 m in 3 
axes for this advantage to fiold. 

c. Gravity wave detection. A major error source for tliis 
experiment will be the Earlii’s troposphere and ionosplierc. 
Tlie ODSRS appears to be a potentially useful tool for detect- 
ing data above the troposphere and ionosphere and helping to 
reduce this error source. 

d. Existing radio science experiments. Experiments sucli as 
relativity and planetary occultations that are currently carried 
out by ground stations are perturbed by tlie Eartlr’s tropo- 
sphere and ionosphere. Delecting data above these distur- 
bances could improve tiie quality of these experiments. 

e. Far-fieid calibrations. Radio science requirements place 
extremely tiglit requirements on the entire communication 
system. Aji important element of meeting these requirements 
is testing and calibration. The ODSRS would provide a tool for 
far-ficId calibration tiiat would allow more accurate ranging, 
timing, polarization, gain, and pattern calibration. 

f Troposphere /ionosphere {atmosphere calibrations, Wltli a 
two-way link to tlie ODSRS and tiie use of liigiier frequencies 
than S- and X-Band, there Is tlie possibility to study the varia- 
tions and general characteristics of the Earth’s troposphere, 
ionosphere and atmospiiere and their effects on radio signals. 

g. Relativity experiments with S/C behind snn. The use of 
32 GHz should significantly improve tliis experiment by mini- 
mizing the effect of the solar corona on the data. 

h. Muitilateration. Synclironizcd range and range rale data 
from several receiving stati- ,s can be used to estimate space- 
craft position accurately. This technique is enhanced by long 
baselines, such as the ODSRS would provide. 
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B. ODSRS Schedule and Cost Plan 

A major goal of the ODSRS study was to develop a cost 
estimate for the implementation and operation of an ODSRS 
so that it could be compared to other systeni options. A sched* 
ule was needed to develop the cost plan and to define the 
events and lead limes necessary if a future decision was made 
to implement an ODSRS. This section describes the apptoach 
and assumptions used in developing the schedule and cost 
plans, presents the results along with an estimate of the(> ..n- 
certainty, and discusses the sensitivity of the total Project cost 
to a major error or change in one of its elements. 

I, Study approach. The approach used in developing the 
ODSRS schedule and cost plans was to break the project down 
into clearly dcfincable systems, evaluate the schedule and cost 
for each system, then combine the results. This enabled the 
results to be presented in such a way that a future change in a 
significant assumption could be evaluated for its effect on the 
cost of the affected system, and this change could then be 
evaluated for its effect on the total ODSRS Project cosl..Seven 
major systems are defined as follows; 

(1) ODSRS-pcculiar new technology developments. 

(2) ODSRS subsystem hardware and software design, fabri- 
cation, and pre-launch test, and operations. 

(3) ODSRS program management, mission design, system 
design, and pre-launch integration, test and operations, 

(4) ODSRS ground support stations design, fabrication, 
test and integration, 

(5) Shuttle and shuttle related orbital operations, 

(6) Post-launch ODSRS ground operations to support or- 
bital assembly, alignment, test and integration, 

(7) ODSRS control center and ground station operations 
and maintenance. 

Schedule and cost estimates were made for each of these 
seven systems as follows: 

(1) When schedule and cost data was available, estimates 
for each subsystem ciemenl of the system were ob- 
tained from the subsystem engineers, and these were 
combined into a total system estimate 

(2) When cost data was not available, estimates were made 
for each clement of the system based on the judgment 
of the team members. The source and uncertainty of 
the data used to develop each estimate is iefined in 
Section 3, Results; 

(3) JPL cost model estimates were made for the elements 
of the ODSRS for which they were applicable. These 


were compared to (he subsystcun based estimates for 
validation. In some cases, the cost model output was 
used as the cost data baseline. 

(4) These raw cost estimates were all made in FY 78 dol- 
lars. They can be inflated as required for a given launch 
date. 

2. Assumptions. Tlic following assumptions were made for 
developing the ODSRS Project cost and schedule estimates: 

a. Coitfractiiig mode. An in-house contracting mode was 
assumed where JPL docs the mission, system, and subsystem 
design and where subcontractors do the hardware detail de- 
sign, fabrication, and testing. JPL then docs the system inte- 
gration and testing, and manages the ODSRS peculiar orbital 
assembly, test and alignment activities. This mode was deemed 
appropriate due to the new technology nature of the first 
ODSRS to be implemented. If required, the data is presented 
in a format such that a transformation to a system contract 
mode could be made. 

b. Hardware quamiiy. For all ODSRS subsystem hardware, 
except the orbit transfer vehicle and the ground support sta- 
tions, one flight unit and one PTM unit were assumed. The 
PTM unit led the flight unit by 9 months in delivery to JPL, It 
was expected that PTM integration and test at JPL would 
result in some changes being required to subsystems, and the 
9-month lead time is required to allow implementation of 
these changes without disrupting the flight system schedule. 

c. Eimromnental tesi philosophy. A large precision struc- 
ture designed for an orbital environment cannot be completely 
tested in the limitations of an earthbound gravitational field. 
The bus portion, including electronics, will receive a stand- 
ard vibration, shock, and STV test. The stowed configura- 
tion, including Shuttle packaging and mounting, will receive 
vibration and shock to Shuttle levels. Qualification of the 
entire ODSRS in the deployed and assembled configuration 
will be done by modeling, analysis and testing of partial assem- 
blies of the structure, and antenna panels. An exiiaustlve sys- 
tem level EMI test will be required due to the extreme sensitiv- 
ity of the ODSRS receivers. 

d. AFETR operations. The ODSRS will be shipped to 
AFETR in the stowed configuration, installed in Shuttle 
mounting fixtures. No system testing of the ODSRS is planned 
at AFETR. 

e. Launch and v-bital test and assembly support. System 
and subsystem ground support for assembly, alignment and 
test operations from a Shuttle assembly base will be required 
from launch of the first ODSRS Shuttle payload for 60 days. 
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Tills allows time for launch and orbital operations on two 
Shuttle bays of ODSRS hardware and a third Shuttle contain- 
ing the orbit transfer vehicle. Reduced support will also be 
required fur an additional 60 days to “learn" how to operate 
the ODSRS with the DSN system. At i 20 days after launch 
of the first Shuttle, the ODSRS will be turned over to DSN 
operations for normal S/C tracking support. 

3. Results. Figure I shows a top level activity schedule for 
an ODSRS Project. It was assumed that ODSI^-peculiar new 
technology developments defined in Section 11, New Technol- 
ogy Assessment, are completed at lire start of the launch 
minus 5 year milestone "Technolog»' Readiness Review,” All 
other major activity milestones are shown on this schedule, 
and it can be used to determine the required Project start date 
for a given launch dale. 

Figure 2 shows the ODSRS subsystem activities leading to 
delivery of the subsystems for system integration in more 
detail. This subsystem scliedule is a composite of all subsystem 
estimates and was used for defining Project level reviews and 
need dates. The orbit transfer vehicle ana ground support sta- 
tions did not Ht this schedule outline and are shown separa.ely 
as Figures 3 and 4. 

Tables I through 7 list all subsystems and system data used 
to develop the ODSRS cost pLn. Costs shown are in FY 78 
dollars and can be inflated as appropriate to fit a given Project 
start or launch year. Tables I to 7 also show an evaluation of 
the uncertainty of each estimate and a description of the 
source or baseline from wiiich the estimate was obtained. 
Table 8 is a summary of the major system uost totals showing 
ODSRS implementation costs and otlier project costs in 
FY 78 dollars. 

4. Total cost sensitivity to changes in data. The major cost 
driver of the ODSRS system was the Orbiter subsystems re- 
quired to maintain orbital operations. These subsystems are 
similar to those required to support a fligiit spacecraft, and the 
cost estimates for tlicm reflect this similarity. Most of these 
subsystem estimates are comparable to current spacecraft sub- 
system costs, and the system total cost is not likely to decrease 
significantly unless new technology developments in more 
than one subsystem result in significant cost decreases. Experi- 
ence with spacecraft system implementation also indicates that 
these costs are not likely to decrease significantly for the quan- 
tity of ODSRSsthat would fea.sibly be built. 

The biggest single clement in tlic system implementation 
cost is for the antenna surface and associated backup struc- 
ture, These items add up to S65 million which is 30% of the 
total system cost. This cost is highly sensitive to the cost of 
the precision surface panels and their assembly and test. The 


ODSRS cystem cost could probably be reduced significantly 
by a new technology development that would enable the use 
of a precision deployable 30 ineter antenna at 32 GHz. 

S. Life cycle cost comparisons. A comparison of the 
ODSRS to other existing or planned systems docs not result in 
exactly comparable performance and operations capability. 
Two Scenarios have been developed as a basis for life cycle 
costing. 

Scenario 1. The first scenario is a future requirement to 
increase telemetry reception capability by 6 dB for one station 
by 1987, which is the earliest possible operations date for an 
ODSRS. One option for meeting this requirement is to add an 
ODSRS; the other option is to add one Large Advanced 
Antenna System (LAAS). Both options meet the requirement, 
and in addition, the ODSRS provides 24 hours per day telem- 
etry coverage at 6 dB incieascd performance. Assuming an 
inflation rate of 7% and an M&O lifetime of 10 years, the 
life cycle cost comparison is shown in Table 9. 

Scenario 2. The second scenario is a future requirement to 
receive telemetry 24 hours per day using stations located in 
the territorial United States only. O.nc option for meeting (his 
requirement is an ODSRS; the other option is a network of 
LAASs located in Florida, Goldstone, and Hawaii. The ODSRS 
option meets the 24 hour per day telemetry requirement, but 
the LAAS network docs not. Note that tills scenario did not 
assume a network of 64 m DSN stations since they are more 
costly to implement and operate than the LAAS stations. 
Again, assuming an inflation rate of 7% and a 10 year M&O 
lifetime, the life cycle cost comparison is shown in Table 9. 

C. DSN-MOS-ODSRS Integration 

The ODSRS alone could not provide all of the S/C tracking 
functions now done by the ground stations of the DSN. A 
major difference is that the ODSRS has no transmit capability 
to a spacecraft. The ODSRS design pliilosophy was not to 
replace the existing DSN, but to provide an option for aug- 
menting the DSN to meet future requirements. Potential 
future requirements include providing more available station 
iiours per day for S/C tracking, providing increased telemetry 
performance capability, and providing 24 hour per day telem- 
etry coverage without overseas stations. 

1. Interfaces. The ODSRS requires interfaces with the DSN 
and the MOS for telemetry, ranging, command, radiometrics, 
and station keeping operations as follows: 

a. S/C telemetr}’. The output of the ODSRS ground station 
telemetry receiver would be compatible with the output of the 
existing DSN ground telemetry system. It would requir simi- 
lar interfaces to the MOS as the existing DSN, with one excep- 
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Fig- 1. ODSRS Project and System Master Activity Schedule 







Fig 2. OOSRS Subsy«t*nw Mattar ActIvMy 
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Fig 3. OOSHS SutMy*t*ins lUS Tra«M(»r V*h4cl« Activity 




FIq 4 OOSRS Ground Station Activity Schedule 
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lion. The ODSRS grout. J station would be colocated with the 
SFOF or any location where final data processing is done. This 
would eliminate the need for GCF interfaces. 

b. ODSRS station location ranging. The ODSRS concept 
requires 3 simplified, widely spaced, ground stations to do 
2-way ranging with the ODSRS for precise station location. 
One of the stations could be colocated with the telemetry 
receiving station, and the other two could be colocated with 
the two farthest stations of the navigation network, if imple- 
mented. ODSRS station location ranging will have to be 
used by the MOS to evaluate ODSRS effects on S/C radio- 
metric data. 

c. S/C command. At least one DSN ground station would 
be required to provide command capability to a Right space- 
craft. This would not require an interface with the ODSRS per 
se, but it IS a requirement for any tracking and communica- 
tions system that contains an ODSRS. 

J. S/C radiometrics. The output of the ODSRS ground sta- 
tion (* ipler and ranging systems will bo compatible with the 
output of the existing DSN ground stations. It requires similar 
interfaces to the MOS as the existing DSN, with one addition. 
The prime interface is similar to the telemetry system, if 
the ODSRS ground station is colocated with the MOS data 
processing center, it requires no GCF interface. The addi- 
tional new interface is required only if the ODSRS is being 
used to relay 2-way data to the Goldstone ground station 
after Goldstone has set from direct S/C view. This would 
require an additional ODSRS ground station located at Gold- 
stone and an in'erface between its doppler and ranging out- 
put and the Goldstone radiometric data system. 


e. ODSRS station keeping operations. Stationkeeping oper- 
ations (command and telemetry) for the ODSRS will be con- 
ducted over the same ground antenna used for receiving S/C 
telemetry and radiometric data. The electronics for this sta- 
'lonkeeping are functionally separate from the existing DSN 
and MOS systems and do not require new interfaces. An opera- 
tional interface to the MOS and DSN is required for planning 
and executing ODSRS tra''king operations. 


2. ODSRS-DSN joint capability. The difference that adding 
an ODSRS to the current or a future DSN makes is dependent 
on the DSN configuration that exists at the time. For planning 
purposes, adding one ODSRS would result in the following: 

(1) It would add the capability for 24 station hours per 
da/ that could be available for receiving from one or 
more spacecraft, one at a time. The 24 hours would be 
reduced by the time required to slew between space- 
craft and the ODSRS reprogramming time for a new 
spacecraft. 

(2) It would provide 6 dB greater telemetry date rate capa- 
bility, from a spacecraft equipped with a 32 GH? trans- 
mitter, relative to the existing 64M, X-Band DSN. 

(3) It would add the capability for 2-way tracking (by 
Goldstone) of a S/C to which the 2-way round trip 
light time exceeded the length of the station pass. 

(4) It would provide the data handling capability for VOIR 
class data rates (^8 Mbps) from the spacecraft through 
the ODSRS to the SFOF 24 hours per day without 
going through the GCF. 


9 


Tabt# 2. OOSRS Subayttcm H^fdwai* and Softwara Oaaign. Fabrication, and Pra-LauiKh Taat and Oparaliont Cost Estlmalaa 


Suht> ttcin 


laiimh* 

-5)t 

launch* 

>r 

1 aunt It' 
-3 \f 

Sliui'tuic and 

JPl 

IJmi 

7.835 

b.535 

MfilunKal 

HR 




Sup(Hltl 

Total 

1 ..tbO 

7.835 

b.535 

Antenna. 

JPl 

:tHI 

2(M) 

520 

Mrkhaniial 

HR 

S.:40 

J 1.500 

Ib.lHMI 


total 

S.44H 

; 1.700 

lb.520 

Antenna 

JPl 

:8(l 

:80 

280 

1 Ici trual 

HR 

3tK) 

7. .UK) 

3.750 


total 

580 

7.580 

4.0.30 

('r>o|!enK t and 

JPl 

JbO 

:b0 

310 

lou nouc 

HR 

1 .IHHI 

J.tMMI 

4.IMMI 

Ki'ienet 

lotal 

i.:mi 

2.’btl 

4.3ltt 


Relay radio and 

JPL 

5.30 

9.30 

1.015 

ttationkecpinit 

HR 

4tHI 

7,880 

7.4 70 

tcIctominunKationt 

lotal 

<J30 

8.810 

8.485 

Attttude and 

JPL 

1.480 

3.2b2 

2.522 

arttt ulatkan 

HR 

2.055 

8 325 

3,580 

fontrol 

total 

3.535 

1 1.587 

b.l02 

Power 

JPl 

918 

2,4.3b 

2.047 


ITR 

0 

lO.IHNI 

3.IMI0 


Total 

918 

l2.J-3b 

5.047 

Coinputer. tunirol. 

JPl 

0 

1.859 

5.331 

A data handliny 

1 IR 

0 

0 

0 


Total 

0 

1.859 

5.331 

Orbit Iranslcr 

JPl 

0 

101 

4.409 

propultion 

HR 

0 

0 

14.857 


Tolalt 

0 

101 

19.266 

Stationkeepm)! 

JPl 

Sb9 

5b9 

569 

prupuNion 

HR 

410 

1 .b.38 

1 .638 


Total 

979 

2.207 

2.207 


JPl. 

5.597 

17.732 

23.538 

lotalt 

HR 

9.405 

58.643 

54.295 


1 otal 

15.002 

76.375 

77.833 


are in lhouvind\. I V 78 dulljts. 


SiiuriC 


1 aiiii.h* 

1 aunt h* 

lotal 

III 



-2 w 

-1 . 

Cotf 

1 itimate 


3.110 

1.210 

20.(150 








Suhiyitem 

Mott tuhtytteint 

3.110 

1.210 

19.9(8) 

1 niiineei 


nc%k 






teilmolutty 

920 

4181 

2.240 



between 1979 

4181 

2(8) 

4 3.. 340 



and projeit ttart 

1.320 

618) 

45.580 





280 

280 

1 4.8) 



1 


.■•50 

0 

1 1.618) 





530 

280 

13.0(8) 

i 

1 

i 


310 

210 

1.3.50 

Subty tieiii 

Lat)!e 


3.188) 

t) 

10.188) 

1 nirineet 

uniertamo in 

3.310 

210 

11.350 

♦ ttud) 

tonlrati toti 




leader 

tor tliitlit 






tryoyeniit 

1 260 

1.025 

4.7(.() 

Suhty Item 

Mott tubtt tteint 

400 

0 

16.150 

1 nitincer 

attiinie new 

1 .bbtl 

1 .025 

20.910 

i 

i 

tei linoloi:v 
bet Wien |979 

1 383 

6(8) 

9.247 



and proieit tiatt 

0 

0 

13,960 





1 .383 

600 

23.207 


1 



1.329 

409 

7.1.39 

1 




6.1881 

0 

19.18)0 





7.329 

409 

26.139 





2.124 

1 .468 

10.782 





0 

0 






2.124 

1.468 

10.782 


1 



3.381 

320 

8.211 





1 1.233 

330 

26.420 





14.614 

6.50 

34,6.31 



1 


569 

569 

2.845 

1 




1,638 

1.638 

6.962 





2.207 

2.207 

9.807 


► 

1 


14.666 

6.491 

68.024 



1 otal loinpare. 

22.921 

2.168 

147.432 



to 52 ’.4.tl00 

37.587 

8.659 

215.456 



ettini.oe Iroin 
JPl. tott model 
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TabI* 3. Program Managamanl. Mlaaton Oaatgn, Syalam Oaalgn, and Pra-Launch Inta g ratton. Taal, aiMl Oparattona 



LauiK'h* 

Launch* 

Launch* 

Launch* 

Launch* 

Total 

Soutce of 

Uncertainty 

■ urn 

-5 yr 

yi 

-3 yr 

-2 yr 

•1 yr 

Con* 

Fitimate 

Assessment 

PioK>'< ^|it A Mittion i-nai 

I.SOO 

2.000 

3.000 

2.000 

1.500 

10.000 

JPL con 

Cost model desi|tne<l 








model and 

for smaller space- 

Syitem Fn|ti 

1.000 

2.000 

2.000 

2.000 

1.700 

8.700 

ratiot to 

craft with sctentifK' 








hardware 

mission 

Auembly. intei:iatk>n. 
& lyitem ten 

100 

200 

2.000 

5.000 

3.500 

10.800 

cott 

i 

1 


Sytlein test uipporl 
luppuit equipment 

401' 

7.000 

10.000 

5.000 

500 

22.900 




Knvironmental ten i 
aiulyut piufram 

500 

500 

2.000 

3.000 

2.400 

8.400 




1- TR opciatiuni & STS 





500 

500 

Assume 

High 

intenratiun support 







'lltHUKK) 
per mo for 
5 mo 

uncertainty 

Total 

3.500 

1 1.700 

I'J.OOO 

17.000 

10.100 

61.300 





*('osl!i are in ihuutjndi. I Y 7H dullait 
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TaM« 4. 00SR8 Orouitd Support Slallont Ooaign. Fabrlcalron. Taal. arsd Inlagralton Coal Etlimalaa * 



Launch* 

l.iunch* 

Launch* 

launch* 

I aunch* 

total 

Suiin 

le ul 

Lncertainty 

Item 

-lyr 

-iyt 

-2yr 

-1 yr 

♦ lyr 

Cost* 

Istimate 

Assessment 

System engineering, integration 

120 

120 

120 

180 

60 

6(H) 

♦ 


and documentation 







1 

1 


Soltvsare 

60 

ISO 

ISO 

140 

0 

SOO 


1 









S(udy 


S. \ ku Band 5 m 


ISO 

ISO 



too 

te.im 



Antennas |3 eachl 







estimates 


Antenna pointing sys (.teach) 


ISO 

ISO 



3(H) 




Antenna structure A electronics 


3(K) 

300 



600 

♦ 


houung 1 3 each ) 










Redundant S and X Band 


6(H) 

600 



1.200 

IK'rii 

ed 


receivers (3 cachi 







trom 










ratios ot 


Redundaiit teien4etry channels 


960 

960 



'.920 

current 


( 3 each > 







hardware 









CO^I 



Redundant ku Band 
receivers < 1 each ) 


ISO 

ISO 



300 




Redundant doppler extractor 
1 1 each I 


7S 

7S 



ISO 




Redundant tanging channels 
(4 eachl 


400 

400 



8(H) 




Redundant S/X Band 


2(MI 

200 



400 



No close design lo 

excitei & xmtr 









compare lo 
"Nasigalion Net- 

Redundant command 


IlHI 

100 



2(H) 



work" IS closest. 

modulator 







1 


then estimate is 
'SIO.INHI.IlOO 

u-wave hardware 


ISO 

ISO 



3(HI 

i 


lot 3 stations 

Total 

180 

3. SOS 

3.S0S 

320 

60 

7.S70 





•CoMsare in thousanUs. I Y 7Kdulljr\ 

' Includes I slatiun to receive S/C' telemetry, control ODSRS and range with UDSKS. plus 2 stations to range with UI7SKS 
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Table I. Spaca tbulMa and tbultla Ralalad OfbMal Oparatlona Caal CalMnalat lor OOSRt Launch, AaaamMy and Taat 


llcm 

Co»l* 

Source of I'ltimale 

Uncertainly A**e**mcnl 

3 Space Shulllc launchc* al 
30M$rach 

Ml 

I'uricnily advciiitcd Shuiile co*i 

Very hi(h uikertainty in orbital 
operalion* co*t due to lack of data. 

M) day* of on-orhit a**ciiibl) 
and let! u*ui|( Ihr Shulllc a* a 
«*oiL pblloim la**umc 3lHI,(MM)/ 
day I. 

18 

a Defined operalion* coil nol 
a*ailablc 

a ('urreni etlimale* run up lo 
S3S0,mNI per day foi complex 
opcralkint 


rOTAl 

78 




*('o«u 4i« in million* of I ^ 78 dolUi* 


TaMa t. Poal-Launch ODSNt Ground Oparatlona Coat Eallmaloa to Support Orbital Aaaambly, Taat, AUgrunont, and Integration 


Item 

l’o»l * 

Source of rtlimale 

Uncertainty A**e»meni 

1 20 day* of opeiatiunf *uppoit 
24 hour* per day - auume 
aveiaye *tafl of 20 petion* at 
earth bated operation* facility 

IbKO 

28 MY at SMI,(M)0 pet MY 

Very hiph uncetiainty in orbital 
operation* co*t due to lack of data 


*t'oil> arc in thou*.iiui> of f Y 78 dollar* 


Table 7, OOSRS Ground Statlona and Control Canter MAO Coat Eatimata Starting at Launch Phia 120 daya 


Item 

C'o*l* 

Pet 

Year 

Source of 
Tdimate 

Uncertainly 

A**es*menl 

Annual maintenance and leplacvment 
co*t for |tiound-*tation(, auumed 
at S% of capita* co*l 

375 

Study team estimate 


ODSKS control center itaffiny ■ 4 per*on- 
dllftr per day 

360 

6 MY per year al $60,000 

Assumes automatic station operations 
concept 

TOTAL 

735 


Likely a minimum, assumes no surprises 


't'otli arc in thouuiul*. KY 78 Jollari 
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Tabla 8 OOSRS Conceptual Oeaign Coal Summary 


Item 

Pm|Csl SUM^ 

1 juiish* 

-5 >1 

1 JUIIsIl* 
-• >1 

1 junsli* 
-3>i 

1 junsh* 
>t 

l.4unsli* 
-1 >1 

Ljunsti^ 

Ljunsli* 
♦ 10 yt\ 

loUl’ 

. ul Inipls'inrnljlion 
1 usi Isitjl 

MissKin jnsl s>strni tlrsiyn 

inlC|iijtkin. Icsl iipt'ulions 
jnJ piojest mymt 

3,J(NI 

1 1.700 

II.IKIO 

I7.(KK> 

10 IlKI 

1 b80 

b2.980 

24 

Oibilci tuiilvk jic s-n|iinc(iin|!. 

Jcsi,m tjhiii jiisin. Icsl. jnJ 
opcijtions 

IS.lMi: 

7k. ’74 

5K.5k7 

:2.973 

8.IMW 


180.825 

70'. 

• K<rlj> l ulls 

7.745 

.15,t45 

:'*.io: 

5.9«»0 

1 .b03 


80.385 

31 

• Suiion kcvpiny 

7. ’5 7 

40.3’'» 

’t.4bS 


b.40b 


l(H).440 

34 

OliSKS piiiunsl si4liiin 

s-n)Mns-s-tinK. sli‘si|tn. Ubiisj 
itnn. Icsl jiid itps-ulions 


INO 

3.505 

3.505 

320 

t .>* • 

14.420 

6 

Implcincnljliun 
Siih loljl t ost 

i».5o: 

MK.I54 

NI.07’ 

43.478 

18.424 


258.725''* 

100 


t)ihct ODSRS I’rUtcJ I'osi* 


Ss-» tcslinolo8> Js'sclopms'KI 

(Hs-ttins 3 >1 Pilot to piojest start 1 

4.740 

N A 

Shuttle jnJ otl'itjl 
si|>ei,itii)ns 


78.1HHI 

N X 

Oihit tunsts-i sehisle' ' ' 


34.b3l 

N A 

Othei Sul'tsitjl Cost 


1 17.371 

N A 

N \S \ 1 iitjl Cost 


37b.04b 

N/A 


*( lists jtc in IhtiusjnJs I V 7H dolljis 
(III mm I jl'U- 2 

|7) lliu-siiiil iiuluils' iiiImI lunslci ss'hkis' 


Table 9. OOSRS Life Cycle Coat Comparlaon 




Implementation Cost* 


10 At 
MAO 

1 OUM 

I'-k# kl 

Item 

1483 

1484 

1485 

148b 

1487 

1447’ 

1 OI 
Cost’ 

Scenario 1 
ODSRS 
1 A AS' ' ' 

25.450 

4.18b 

132.245 

15.740 

130.184 

17.54b 

74.703 

20.044 

33.881 

3.072 

20.045 

25.b.30 

417.108 

8b.3l8 

Scenario 2 
ODSRS 
1 A AS'" 

25.450 

12.558 

132.245 
4 7.220 

1.30.184 

52.788 

74.703 

bO.282 

33.881 

4.21b 

20.045 

76.840 

117.108 

258.454 

’Costs are in thousamls. real year dollar< 
till mm 1 artre Aperture Antenna Sysle 

III Study Report. 

mllaled at 7'7 
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II. New Technology Assessment 


A major goal of the ODSRS study was to determine what 
new technology developments would be required to support 
an ODSRS launch m the post-l‘)M5 time period. Since some 
developments are expected to require long lead limes, it is 
important to identify them at this time. This section presents a 
description of the technology development requirements iden- 
tified for the ODSRS and a plan for the implementation of 
these developments. 

A. Approach 

During the ODSRS study, each system and subsystem 
design concept was reviewed for technology requirements. 
New technology requirements were restricted to those which 
the study team determined were feasible for the I*f85 time 
period. Tor each area that required new technology, a technol- 
ogy development requirement was written. These requirements 
included: 

( 1 ) The technology required by the ODSRS 

(2) The current state of the technology 

(3) Work currently planned or expected for this technology 

(4) Additional development required to be ready for an 
ODSRS Project 

(Sj A ranking of the importance of that technology to an 
ODSRS 


For each technology that requued additional new technol- 
ogy development to enable an ODSRS, a technology develop- 
ment plan was written. These plans mclude a more detailed 
discussion of the technology development and an estimated 
schedule and cost plan. Note that the schedule and cost plans 
were developed with some judgement as to a bkely level of 
effort that would be supported, and the assumption that the 
ODSRS would not be a new Project start until at least the 
l<)8.S time frame. If needed, the technology availability could 
be speeded up with the addition of more money earlier, 

B. N«w Tachnology Raquir«m«nts 

Table 10 shows the new technology requirements that were 
determined for the ODSRS system. They are listed in rank 
order of importance to the enablement of an ODSRS and are 
also categoii/ed. The three categories are more important to 
note than the numerical ranking. For example, everything in 
Category A requires new technology to enable the ODSRS, 
and no other program is expected to develop this technology, 
so whether they are ranked first or third is relatively 
unimportant. 

Category A. New technology is required to enable an 
ODSRS. It IS unlikely that other programs or applications will 
require or support this development. 

Category B New technology is required to enable an 
ODSRS. Oiher programs and applications have closely related 
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T*bl« 10. OOSNO N«« Tacfmologir N*quir«m«nl C*la 90 ft*t 


Subtv ttcnr ' 

rrchnol'tg) l)rvi-l(ipnicnt in Procvtt Additionjl l)ctcl<ipmcnl 

Aif4 OPSRS Ketjuiicmmi ('uricnt Cipjhility orl^xpcvtcd lui UUSKS 


Antrnni • • Anicnnj dctifin t» • (Xitel ired jntennj dctiynt 

Kl I tonlrol rrjett Kl I from cutientiv beiny drvekiped 

ihr e^rth jnd hjvc potenlul lor reducmn 

orbiul umrcct. tidclobet otrr a hcmitpherc 

o( the anicnna 

• Anirnnj thieldinii lech- 
iuilo|(> It beinii invetiiiuied 

• An adequalc capability fur 
Kl I reieciHin by antenna 
dctiiin duet not CMit 

Antenna tur- • Antenna mutt be • \o tpacc ttualil led antenna 
lace and attembled, alifined. detiftn exittt that meelt 

attembi) and letied in orbit ODSKS requiremcnii lor 

utiny the thullle orbital a-.iembly. 

at an attembly 

platform • No technique cxittt for 

ali|ininf and tettini! a 2K m 

• AtKmbly of an- 32<>H/ anieniu in orbit 

lenna on earth and Current techniquet lot 
in orbit mutt be large aniennat on earth 

repeatable to are too lime conuiming and 

0.2 mm complex to be uted in orbit. 

• Antenna turface 
mutt be ttabic to 
0 2 mm over all 
operating thermal 
gradH-ntt. 

• The materialt uted 
mutt have a 10 yr. 
unattended life- 
time 


• JHI hat itudy cflurt on • A ru.-vi lechnulug> program A I 

ofitet teedt It needed to develop 

antenna detign techniquet 

• An analy Ileal approach fur reduced and controlled 

to tliicHing to reduce tidclobet 

antenna tidelobet exitit 
for tymmetiical feed 
antennat 


• Dr Leighton tCal Tech) • A new lechnolog) program A 

hat demontirated a it needed to develop a 

tmaller antenna with tut- mechanical detign that meett 
face tulerancex and attem- the lequircmenlt ul the 
bly repeatability (on earth) ODSKS for orbital attembly , 
that meet ODSKS requue- alignment, tettme. repeal- 
mentt ability . thet mal tiability , 

and llfelime 

• Syticmt to make prcci- 
tion alignment meature- 
mentt. tuch at later rangc- 
lindert, arc being devel- 
oped It It expected that 
ihit technology will meet 
ODSKS ncedv by I9H5 

• A deployable backup 
ttructure will likely be 
developed by ODSKS 
need date and can be 
adapted to ODSKS appli- 
cation 


Kl I tource 
analy ill 


• Potenlul tourcet • None tigniticaiil 
of K T I need to be 
analyzed to deter- 
mine their effect 
on ODSKS bent 
pipe link perlur- 
mance 


• None tignilicant. • A new program it A 3 

needed for obtaining and 
analyzing data on Kl I 
tourcet that may afleci 
low noite orbiting rcccici-it 


Automatic • Techniquet for • Some for ground tialiont. • None directly related 
operations automatic opera- to ODSKS. 

for ODSKS !ion of the ODSKS 

while tracking a 
spacecraft need 
to be developed 
and demonstrated 


• A new technology p-ogram 
It needed to develop . utu- 
r.iatic operatHvns tec’.niquet 


for ODSKS 


A 4 
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TiM 10 <oonW| 


Subtytictn, 

Trchnoloty 

Aim OUSRS Rcqui'emrnl Cuttcni Cap4bility 

Lo» noiM • Spilt ((uililicd • Drtifii of mKto»a»c com- 

ctyoftfiK )2 CiH/ maicrt. pontnit in<l matcrt lor upci- 

rcctivtr S and X to 32 CM; atoi niiuitiined ground 

upcunvtrttM. t<4Uipm(nl » currtnl 

mkiuwive com- ttitc of art 

pontnli 

• lOyt unailtnded 
operation 

Cryofcnic • Space qualified • Karth haied cryofenic 

rtfrigeiaior cryofenic rcfii- refrifciaion are telubic 

(crator with operator maintciunce 

• 10 yr uruttended 
operation 

• Capacity to cool 
t»o macert 

Power • Space qualified • Prototype I kW completed 

S5k\k.l00^ lUflOhr test t KIPS) 

duty cycle 

• 10 yr unattended 
operation 


Development in Proceu Additioiul Development 

or lapected for ODSRS 

• S and X to 23 GHt upcon- • Profram could be accelera- B 4 

verteri are being devtl- ted 2*3 y; •>:lh more doUari 

oped for ground applica- now 
tl>.>ni 

• An engmeeiing development 

• Current program plant of space qualified leceiver 

thould meet ODSRS componentt in a cryogeiii- 

requuementc by ~ 1 983 cally cooled package will 

be needed 

• An effort it m proceti • An engineering develop- B 3 

for space qualified cryo- ment will be requited to 

genic lelrigeialuts that tpply the 1983 expected 

are planned to meet design to ODSRS 

ODSRS requuements 

by ~ 1 983 • Program could be accelera- 

ted 2-3 yr with more 
dollars now 


• 1-2 kVk KIPS for ground • An engineering develop- B 6 

demonstration - 7 yr ment program ii requued 

lifetime to retue the KIPS to 

3 3 kW 

• KIPS shuttle flight test 
planned before ODSRS 
need date 


Attitude • Closed loop • Attitude control electronics 

control tmonopulse) point- is current state-ol-art 

mg to U 002 deg 
for continuous 
tracking 

• Open loop point- 
ing to 0 02 deg 
lor acquisition 

• Space qualified. 

10 yr lifetime 


Low noise • Low loss to mini- • Design of individual elements 
monopulsc mire noise temper- is current technology , mte- 

lecd system atute degradation gration into system to meet 

ODSRS requuements tt 

• Able to point needed 

ODSRS to 

0 002 deg 

• Space qualified. 

10 yr unattended 
operations. 


• “AMFL" reaction wheels • An engineering develop- B 7 

will meet ODSRS per- ment program required 

formance requuements to qualify 'hese compo- 

m near future nents for 10 yr lifetime 

• "DRIRU II" gyro Will 
meet ODSRS performance 
requirements in 1979 

• "Stellar" star tracker 
will meet ODSRS per- 
formance requuements 
by 1983 

• S/X hand low noise feed- • An engineering development B 8 

horn for earth stations ptogram is requued to 

being tested at Gc'd- develop a low loss, hqrh per- 

stone Will be expanded formance. space qualified, 

to K^ band feed sy stem and multifre- 

quency feedhorn with a 
10 yr lifetime 


17 


Category 



TaM* 10 (contd) 


Suh«) tirm 
Irihnoki|i) 

\rru OI1SKS Kn)uiirnicnt Cuitcnl ( 


IVvckipmrni in i*iihc»« Ailiiitkinal DodopmrnI 
ui I \p«i.l«<l lot ODSKS 


M 

% 

oc 


Picljunch 

• AJrquilc tlemon- 

• 1 nsiionmental test for 

• 1 nsir>>nmenlal test for 

• An engiiweiing deselopmeni 

n«tem le*l 

tlialion ol jnlrniM 

smaller structures exists 

large structures is part 

wdl be required to apply 

jnJ tetilkj- 

jnd itiuiiurc rr- 


ol I SSI program 

large structure analysis and 

tion 

tlHinw to orbitjl 
rn.iionmrni prior 
lo ljumh 

• An4l>tit jiki let! 
to veril) itiiluJr 
lonirol inleraclhm 
with Utft, non- 
H|iHi %liuclurr 

• Analysis techniques fur 
altitude control interaction 
exist but are not deniunstra- 
led on lar^e structures 

• Analy sis tec hniques lor 
large structures is part 
of I.SSI program 

lest techniques to the ODSKS 


• <)I>SKS raniir 

• ■VS m 

• Work in priK'esc expected 

• None, ll proposed program 


known to 1 m Irom 
earth center in 
.1 axec 1 requires 
X) stem accurac) 
ol ' 1 n cm lo re- 
wilseOnSKS 
poulkin lo 1 ml 


lo yield 1 m in rear 
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ieqimi*mcni!i and arc planning lo complete the new technol- 
ogy development in time lor an ODSKS Piojeci. The ODSKS 
I’tojeci will have lo provide the engineering developiiKnl 
necevsary to use this new technology for their application. 

Calcgary C No new technology is required lo enable an 
ODSKS, hut new technology could enhance the ODSKS 
Project . 

Table 1 1 shows the new technology that is required by sys- 
tems that interface with the ODSKS lo enable them to use the 
ma\imum ODSKS performance capabilities. 


C. New Technology Development Plans 

This section describes the schedule and cost plans for devel- 
opment of ODSKS new technology . Only new technologies 
that requite additional work beyond currently planned pro- 
grams in order lo enable an ODSKS will be discussed. It was 
assumed that engineering developments for the ODSKS lo use 
new technology that is expected to be developed by other 
programs in lime for ODSKS would be a part of an ODSKS 
Piojeci subsystem design activity. Note that i'‘ diesc new tech- 
nology developments are not completed by other programs, 
the ODSKS will need to plan to support them. 
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I. Khl conlrul. Ki I lu» Kron iiicniilurJ j% ilu* m<<ki m'iu>u» 
p«)ioniijl pioblont ot (lie ODSRS I he (*DSKS will have an 
CMioiiU'ly M.MUIIIVC tca'ivci. doM);iievl lo tcccitc Moak ii^uiah 
troin Jeep »pace ptobei al ranges ot hutidtedt ot nullu>n» id 
kilonu’teis. I ven cxticmely Iom level KH that wi-uld not 
atteet a typical oibitiii): teceivei c>>ald cative veiioiiv inieitei- 
-* ce with an ODSKS. It iv necevvaiv ti< devign the ODSKS to 
rviect all clecliical vignaU except those ttom the tai|!ei space- 
ctatt. A ma)oi tacioi in this teieciion will be led'iction id the 
sidelobe siiuctuie ot the ODSKS antenna In paiticiilai, viip- 
poit vtiut scatieting pieseni in syniinetiicallv led antennas 
nuist be eliminated. The techiuiliigy ot iitTset teed, unblocked, 
qu.isicasseitrain antennas is rapidly developiii)! (Kels. I, ai'J 
appears adaptable to the ODSRS application Turther. the 
lechnoliigy iif using shielding to leduce sidelobe lev.ls is 
being developed (Ret .0 and ap|vears promising \ major 
deficiency is an analytical approach lo determining liiiu'.a- 
inenlal liiiiitaliims as sidelobe suppression and the design ot 
antennas lor RTI rejection m general. A new technology 
program for antenna design for RTI rejection would include. 

• Invesiig non of fundamenial limitations on sidelobe 
control. 

• IVvelopmg design techniques fi»i sidelobe leduction. 

• rabrication and test of a model “lediiced sideliibe" ante- 
nna to demonstiale analytical techniques 

Tlie schedule and cost estimate for this effort is shown in 
l igure 5. 


2. \nlenna surface and siru 'lure. .Anoihei poieniial inajoi 
piirbleni loi the ODSR.S is the oibiial assemblv . ahgniiK‘iii. 
and checkout ot a piecis. n antenna suitace. Mils process 
lakes weeks tiu a DSN anten la on eaiih and uses mechanical 
alignment tiiols and techniques iliai would pu-bably be 
impracliial m oibii. Ihe ODSRS assi-nibly m oibil must be 
lepealable to within 0.2 mm ot its tmal assembly on eaiili. and 
Ihe siiilace niiisi be stable lo 0.2 mm ovei all iheriiul giadieni . 
and oibital iijieiaimg Cimdilions. It is ex|Kcled that vuik' 
mechanical alignment will be necessaiy dining assembly m 
iubii to obtain the lequiied suitace accuiacy. alihoiig!. the 
design goal is to achieve adequate oibiial assembls lejvat- 
ability without alignment The ODSKS suitace and stiuctiiie 
niaieiials ruist last foi 10 yeats m geivsynchionous oibit . 

It IS assumed that a deployable nackiip sliiicluie that iiK'eis 
ODSRS lequiiemenls will be develi'ped by the ODSRS need 
dale, and that it can be adapted to the ODSKS appliid.iiUis. It 
Is alsii assumed that a mechanical alignment t<'chnii|ue. such as 
laser langelmdeis, will be developed and can be applied lo the 
ODSKS alignment pmeess. 

The suitace panel concept chosen lot the ODSRS is similai 
lo the design demonsiiaied im a smaller antenna lt>i eaiih 
applications by Di I eighlon of ( aliech. l or the ODSRS. ihe 
leOeclive panels are a thin giaphiie Ciunposite sheet stippoiied 
by multiple Ilexiuies to a backiiji sliiicliiie. >\ new technology 
progiani lot the ODSKS would include 

• Tlieimal design ot letleclive suitace panels to maintain 
0.2 mm stability over all ojK'ratmg conditions. 
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• Mrchinicjl Jru|tn ot rc)1eclive lurtjce p4n«U lot U 13 
mm manuticturintt (olrraiKct 

• Mi'chanicil devi|(n ot rellectivc turtacc pan«li lor repeal- 
ahiJily ot U 2 mm a^wmbly tolerance uung the Shuttle 
KMS with an appropriate end lool. This includes design 
ot the end hh)I. 

• Development of an automatic, mechanical alignment 
checking and realignment technique using a laser range- 
finder lor other available device) driving a computer 
that drives the KMS end tool. 

• Kabrication and test of engineering model structure and 
surtace panels, KMS end lool, and mechanical alignment 
system. 

The schedule and cost estimate for this new technology is 
siiown in f igure S. 

3. Rfl source analyns. A major unknown in the ODSRS 
conceptual design is what the orbit; I KH environment w,ll 


really be. Some simplified examples show that a problem 
could be caused by many KFI sources A study of the effects 
of an KM source on the ODSRS requires a definition of the 
characteristics of that KM source The problem is that no 
comprehensive study of KM sources and definition of the KM 
environment around 'he ODSKS exists The development 
of this and its use for the ODSKS wi uid include the 
following 

• Analysis of the ODSKS system to define the charac- 
teristics of KM that couiJ affect its operation. 

• Comprehensive analvus of KM sources (including earth- 
bound, orbital, classified and foreign) and definition of 
thrir characteristi.'s. 

The estimated cost and schedule for this KM study prograir. is 
shown in Figure S. These costs and schedules are for new tecli- 
nolog> developments that are not expected to be completed 
ny other users in time fo; an ODSKS program. It is assumed 
that an ODSKS Project would not be a new start before 14X5. 
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